The aim of this study was to provide information on the fatty acid profile of different adipose depots -subcutaneous (upper and inner backfat layers) and intramuscular (m. Longissimus dorsi) in East Balkan pigs. The animals were reared in free-range conditions and slaughtered at an average live weight of 107±1.65kg. The results of the study showed that the various adipose tissues in pigs have different lipid metabolism and hence differ in their fatty acid composition. Intramuscular fat had significantly higher content of the saturated C16:0 and C18:0 (P<0.001), as well as the C16:1 (P<0.001) than the subcutaneous fat. In regards to the content of the polyunsaturated fatty acids, the latter displayed considerably higher content of both C18:2 and C18:3 (P<0.001) in comparison to the intramuscular fat in m. Longissimus dorsi. The differences between the subcutaneous and intramuscular adipose tissue in the individual fatty acids determined the similar trend of change in the total content of saturated and polyunsaturated fatty acids. Significant differences between the backfat layers were detected for C16:1, C18:0 and C18:3 (P<0.001). Stearic acid (C18:0) displayed higher content of the inner, while both C16:1 and C18:3 had higher proportion in the outer backfat layer in the East Balkan pigs. Except for C20:2, the long chain polyunsaturated n-6 and n-3 fatty acids had significantly higher proportions in the intramuscular fat, however no differences were determined between the two backfat layers.
Introduction
Adipose tissue in pigs is one of the main organs involved in the regulation of lipid metabolism, particularly in the overall fatty acid synthesis with consequences in other lipid-target organs such as muscles and the liver (Corominas et al., 2013) .
Porcine carcass fat is deposited in four depots, with different anatomical locations: visceral, subcutaneous, inter-and intramuscular. A number of studies have reported considerable anatomical variation in fatty acid composition in the pig adipose tissues, since they are not similar but each shows specific development and metabolism (Mourot et al., 1995 (Mourot et al., , 1996 Monziols et al., 2007; Daza et al., 2007) . Most of these experiments have been undertaken on the subcutaneous adipose tissue because a high proportion of fat is subcutaneous and it is very obvious at retail or in cuts. East Balkan pig is an indigenous slow-growing breed mainly in the eastern parts of Bulgaria. The animals are exclusively reared in free-range conditions, have considerably higher body fat content than other conventional lean pig breeds, possess unique sensory characteristics of meat and are used for manufacturing of high quality meat products. The extensive conditions of rearing of the pigs of the East Balkan breed suggest higher deposition of polyunsaturated fatty acids in their adipose tissues, however profound studies on the lipid profile of this breed have been scarce in Bulgaria. Hence the aim of this study is to provide information on the fatty acid profile of different adipose tissues in East Balkan pigs.
Materials and Methods
The study was carried out with 10 (5 male + 5 female) pigs of East Balkan breed. The animals were slaughtered at an average live weight of 107±1.65kg in a standard slaughterhouse. The carcasses were split in half, kept for 24 h at 4°C, after which samples of the inner and outer backfat layer as well as m. Longissimus dorsi were taken at the last rib.
Total lipids of the tissues were extracted according to the method of Bligh and Dyer (1959) . Methyl esters of the total lipids, isolated by preparative TLC were obtained using 0.01 % solution of sulphuric acid in dry methanol for 14 h, as described by Christie (1973) . The fatty acid composition of total lipids was determined by GLC analysis using chromatograph C Si 200 equipped with capillary column (TR-FAME -60 m x 0.25 mm x 0.25 μm) and hydrogen as a carrier gas. The oven temperature was first set at 160 °C for 0.2 min, then raised until 220 °C at a rate of 5 °С/min and hold for 5 minutes. The temperatures of the detector and injector were 230 °C. Methyl esters are identified comparing to the retention times of the standards. Fatty acids are presented as percentages of the total amount of the methyl esters identified (Christie, 1973) .
Data were statistically analysed by one way ANOVA procedure using JMP v.7 software package. Protected Fisher LSD test was performed as post-hoc test to compare means, as differences with a level of significance below 0.05 were considered significant.
Results and Discussion
The type of the adipose tissue -subcutaneous or intramuscular induced significant differences in the contents of the individual fatty acids of the studied depots (Table1). The content of C16:0 was lower in the backfat than in m. Longissimus dorsi (P<0.001) but no differences were observed between the inner and outer backfat layer. Subcutaneous adipose tissue displayed considerably lower content of C18:0 when compared to intramuscular fat (P<0.001) however further reduction of this fatty acid was observed in the outer layer. Significant difference between the tissues was detected in regards to the levels of C18:1 and it tended to be lower in the intramuscular fat. The differences in the content of C18:0 and C18:1 between the two backfat layers are in agreement with those reported by Daza et al. (2007) in Iberian pigs. On the other hand the content of C16:1 differed between the backfat layers and m. Longissimus dorsi, as the latter displayed the highest level of C16:1, while the lowest was observed in the inner backfat layer. Desaturation indices are indirect indicator of desaturase activity (Attie et al., 2002) . In this study we used the product-to-precursor ratio (C16:1/C16:0 as well as C18:1/C18:0) calculated from the content of respective fatty acids in lipids extracted from the inner, outer backfat layer and m. Longissimus dorsi. The ratios are well related to the stearoyl-CoA (SCD) activity (Klingenberg et al., 1995; Kouba et al., 1997) . Differences in the indices were observed between the two backfat layers, as they were lower in the inner one. This corresponded to the lower content of C16:1 on one hand and on the other-the higher content of C18:0 in this backfat layer. Surprisingly the desaturase indices determined for the intramuscular fat were not uniform, although significantly different from the ones of the adipose tissue. They suggest different activity of the enzyme toward its substrates, showing higher value of SCD16, corresponding to the considerable amount of C16:1 in m. Longissimus dorsi (3.58% vs.1.81 % and 1.22% for the outer and inner layers respectively). On the other hand, the highest content of C18:0 and respectively the lowest of C18:1 determined the lowest index of SCD18. This together with the considerable amount of C16:0 contributed to the higher (P<0.001) total saturation of the intramuscular fat, compared to the subcutaneous adipose layers. In this study we did not find changes in the saturation of the two backfat layers. This contradicted to a previous study (Popova, 2014) , showing greater unsaturation in the outer backfat layer in Youna x Pietrain pigs. Migdal et al. (2001) and Monziols et al. (2007) reported negative gradient of the degree of unsaturation from outside inwards in selected pigs.
Pork tissues are characterised by high content of linoleic fatty acid (C18:2). The type of fat depot influenced the content of C18:2 (P<0.001) showing lower levels in the intramuscular fat compared to the subcutaneous adipose tissue. The same was observed in regards to the contents of the linolenic (C18:3) fatty acid.
Our study demonstrated greater deposition of these polyunsaturated fatty acids in the backfat as significant differences between layers were detected for C18:3 incorporated in the outer backfat layer. Our results contradict to those of Monziols et al. (2007) who reported higher levels of C18:2 in the outer layer of the subcutaneous adipose tissue, instead of C18:3 as observed in our study. However, in the experiment of Daza et al. (2005) no differences in the proportions of C18:2 n-6 and C18:3 n-3 between the outer and the inner layers from free-range Iberian pigs were observed. Both C18:2 and C18:3 are essential for pigs and come exclusively from feed. The preferential deposition of C18:3 in our study could be explained by the extensive rearing of the East Balkan pigs and their access to grass, which is known to have much higher content of C18:3 that the compound feeds used in pig nutrition. This is confirmed by the values of C18:3 determined in this study, being higher than the ones observed the industrially reared pigs (Šolević Knudsen and Stanišić, 2015) . The contents of C20:2 displayed significantly lower content in the intramuscular fat compared to the backfat (P<0.01), while both C20:3 and C20:4 had higher proportions in the muscle (P<0.001). The same was observed for the contents of C20:5 and C22:5 (P<0.001). The levels of these fatty acids did not differ between the two backfat layers.
The ratio n-6/n-3 exceeds the recommended limit of 4 in the backfat and intramuscular fat, showing the relatively unbalanced fatty acid profile of the pork tissues. However significant difference between the backfat layers and the intramuscular fat existed corresponding to the discrepancies in the contents of C18:3.
The total contents of SFA and PUFA (Table 1) showed significant difference between the subcutaneous and intramuscular adipose tissue (P<0.001) and corresponded to the already reported changes in the content of C16:0 and C18:2. No difference was observed in the total MUFA content.
In regards to P/S ratio, in all three tissues the values were within the range 0.57-1.03, higher than the minimal recommended value of 0.4.
Significant correlation coefficients (Table 2) were found for the proportions of C16:0 and C18:1 between the inner and outer layers of the subcutaneous adipose tissue, as well as for the content of C18:2 between the inner layer and the intramuscular fat. The correlation coefficients for the levels of the other major fatty acids between the tissues were not significant. These results are indicative for the different fatty acid metabolism in the various adipose depots in pigs. 
Conclusion
The data presented confirm that the various porcine adipose tissues differ in their metabolism and fatty acid profile. Intramuscular fat displayed significantly higher content of the saturated C16:0 and C18:0, as well as the C16:1 than the subcutaneous fat. In regards to the content of the polyunsaturated fatty acid, the latter had higher content of both C18:2 and C18:3 in comparison to the fat in m. Longissimus dorsi. The differences in these individual fatty acids between the subcutaneous and intramuscular fat contributed to the similar pattern in their total content. Significant differences between the backfat layers were detected for C16:1, C18:0, and C18:3. C18:0 displayed higher content of the inner, while both C16:1 and C18:3 had higher proportion in the outer backfat layer in the East Balkan pigs. With exception of C20:2, the of the long chain polyunsaturated n-6 and n-3 fatty acids displayed significantly higher proportions in the intramuscular fat, however no differences were determined between the two backfat layers. 
